Abstract. In this paper, a generalization of differential electromagnetic equations in fractional space is provided. These equations can describe the behavior of electric and magnetic fields in any fractal media. The time evolution of the fractional electromagnetic waves by using the time fractional Maxwell's equations in fractional space has been investigated. Theoretical analysis shows that the amplitude variations of the general plane wave solution not only is related to Bessel functions, but also reveals an algebraic decay, at asymptotically large times.
Introduction
In recent years, fractional calculus has attracted many researchers successfully in different disciplines of science and engineering. One of the main advantages of the fractional calculus is that the fractional derivatives provide a superior approach for the description of memory and hereditary properties of various materials and processes [1] [2] [3] . Applications of fractional calculus in the field of mathematics, chemistry, physical, biology and engineering have gained considerable achievement and many significant results were obtained [4] [5] [6] [7] . More and more researchers are finding that numerous important dynamical problems exhibit fractional order behavior which may vary with space and time. This fact illustrates that fractional calculus is a natural candidate to provide an effective mathematical framework for the description of complex dynamical problems. Some materials and media that have electromagnetic memory properties can be expressed by fractional nonlocal formalism. Therefore the generalized fractional Maxwell's equations can give us many new models that can be used in complex systems.
In the last few decades, there has been considerable interest in the study of physical description of confinement in low dimensional systems assuming a fractional dimension of the space [8] [9] [10] . The idea to take place of the real confining structure by a space, where the measure of confinement or anisotropy is given by non-integer dimension, was proposed in [11] . Such confinement may be described in low dimensional systems which can have various degrees of confinement in various orthogonal directions. In [12] fractal structures had been discussed within the fractional dimensional space approach. Axiomatic basis for the idea of fractional space for two-spatial coordinate space was given in [13] , and this work was extended to orthogonal coordinate space in [8] . Stillinger [13] studied a formalism for constructing a generalization of an integer dimensional Laplacian operator into a non-integer dimensional space. Engheta [14, 15] introduced an early investigation of fractional solution of wave equation. Zubair and Mughal [16] developed an exact solution of the cylindrical wave equation for electromagnetic field in fractional dimensional space.
The aim of this work is to study the time evolution of the fractional electromagnetic waves by means of the time fractional Maxwell's equations in fractional space. For this purpose, in the following section we review electromagnetic theory.
Fractional space generalization of differential Maxwell's equations
The Maxwell's equations are the fundamental equations describing the property of electric and magnetic fields. The basic classical Maxwell's equations in differential form as following: respectively. All of these quantities are functions of space variables ,, xyzand time t . We may simply introduce the generalized form of Maxwell's equations in D -dimensional fractional space, more detailed introduction can be found in the Ref. [17] . The differential form of Maxwell's equations in far-field region in fractional space are given by:
where Del operator D Ñ in fractional space is expressed as: 
Then we obtain the following differential equations for the potentials:
To write the generalization of Maxwell's equations (5)- (8) in the fractional with respect to t , by replacing the time derivative with a fractional derivative of order (01) aa <£namely:
and Eq. (10) and (11) become
In above equations the fractional derivative of order a , 1 nn a -<£, nN Î is defined in the Caputo sense [18] : 
Asymptotic behavior of the solution
In contrast with the exponential decay of the usual standard form of the equations, the algebraic decay of the solutions of the fractional equations in fractional space is most important effect of the fractional derivative in the typical fractional equations. We consider the integral form for the Mittag-Leffler function to describe this algebraic decay. The asymptotic expansion of () Ez a based on the integral representation in the form [20 
From the result of Eq.(41), we can achieve the asymptotic for the electromagnetic wave equation which represents a general plane wave solution with algebraic time-decaying amplitude. In other word fractional differentiation with respect to time can be explained an existence of memory effects which correspond to intrinsic dissipation in our system. 
For this case, the solution represents general plane wave with time decaying amplitude.
Summary
The asymptotic behavior of Mittag-Leffler functions plays a significant role in understanding of the solutions of different problems of physic connected with fractional phenomena that occur in fractional space. We have discussed the time evolution of the fractional electromagnetic waves in fractional space by using the time fractional Maxwell's equations. We pointed that the amplitude of the general electromagnetic plane wave is described by Bessel functions, and it also exhibits an algebraic decay with time increasing in our system.
